INTRODUCTION
Feed costs represent 70% of the total cost in largescale poultry production. Approximately, 70% of the typical laying hen diet is comprised of corn, a commodity that fluctuates in price quite frequently. Increasing corn costs has driven the need to find more costeffective products to replace corn in the diet. At the same time, an increased emphasis on environmentally friendly practices is challenging many industries to find innovative outlets for waste reduction. Thousands of pounds of snack food waste are landfilled each week, and snack food companies are finding ways to use expired human food, according to FDA standards, but still contain nutritional values that can be used in animal feeds. The potential exists to substitute snack food by-products (SFB), composed primarily of corn, as an energy source in traditional laying hen diets.
Integrating SFB into poultry feed may be a costeffective substitute for the corn portion of the commercial diet. Inclusion levels have varied in previous studies. Broiler diets containing up to 7.5% potato chip scraps did not change feed conversion ratio (FCR) and increased ADG (Rahnema et al., 2004) . In swine, potato chip scrap supplementation up to 20% did not affect DM intake, ADG, or FCR (Rahnema and Borton, 2002) . To date, limited information is available on the effect of including SFB in poultry diets. Therefore, the objective of this study was to evaluate the effect of SFB on feed consumption and performance parameters of laying hens.
MATERIALS AND METHODS
The experimental protocol was approved by the Michigan State University Institutional Animal Care and Use Committee.
Experimental Birds and Design
The study consisted of 192 Hy-Line W36 hens (initial BW = 1.5 kg) starting at 45 wk of age and lasting Effect of snack food by-product inclusion on production of laying hens ABSTRACT The increased interest in becoming green for consumers and companies is driving groups to develop innovative ways to become more efficient and reduce their waste. Foods past their expiration dates are large sources of waste and are causing food-manufacturing companies to develop waste disposal strategies. Integrating by-products from these companies into animal diets, specifically that of laying hens, could be significantly more cost effective for both the human food manufacturers and the agricultural producers. The study's objective is to evaluate laying hen diets containing snack food by-product, consisting mostly of expired potato chips, and the effect on hen performance. In total, 192 White Leghorn laying hens (45 wk old) were selected from the Michigan State University Poultry Farm. Hens were housed in conventional cages (3 birds/cage) and received 1 of 4 diets for 5 wk: 1) industry control corn-soybean meal, 2) control with 3% byproduct, 3) control with 6% by-product, and 4) control with 9% by-product. Diets were formulated to be isocaloric, isonitrogenous, and balanced for sodium. Feed intake was measured for 3 consecutive days each week, and no overall differences between treatments were observed. However, during the first week, feed intake was significantly higher in birds fed the 6% and 9% diets compared with those fed control (P < 0.05). Birds fed the 6% had a higher feed intake than that of the control again during the fourth week (P < 0.01). Egg production, egg weight, and specific gravity were measured weekly. Hen BW was measured on d 1, 14, 28, and 35. Egg production, egg weight, specific gravity, and BW were not significantly affected by the addition of snack food by-products to the diet. In conclusion, the addition of expired snack food by-product into poultry diets does not significantly affect laying hen egg production and has the potential to be used as an alternative feed stuff in the future. 5 wk. Hens were allocated randomly to 64 cages (16 replicate cages per diet; 3 birds/cage; 688 cm 2 cage space per hen). Two cages side by side were considered to be 1 experimental unit (n = 6 birds/unit), with an empty cage between each unit to prevent cross feeding.
Diets and Management
The experiment consisted of 4 treatments with SFB, replacing corn, included in the commercial diet at 0, 3, 6, and 9%, respectively. Diets were formulated to be isocaloric, isonitrogenous, and balanced for sodium. Experimental diet formulated and analyzed compositions are shown in Table 1 . Diets and SFB were analyzed at Dairy One Laboratory Services (Ithaca, NY) using AOAC procedures. Diets were formulated using the analyzed nutrient composition of the SFB. All diets were formulated to meet or exceed NRC (1994) nutrient recommendations for laying hens. Each cage was randomly assigned to 1 of the 4 diets (16 cages/diet), with 2 side by side cages being the experimental unit. Hens were offered water and feed ad libitum.
Sample Collection
Eggs were collected and counted daily. Egg weights and specific gravity were analyzed weekly on eggs collected on 2 consecutive days. Specific gravity was determined by floating collected eggs in graded salt bucket solutions ranging from 1.060 to 1.090 (0.005 intervals). Hen BW were measured at d 1, 14, 28, and 35 d. Feed consumption was determined over a 3-d period each week.
Birds were monitored on a daily basis for overall health, and mortalities were recorded. Two birds (1 on control diet and 1 on 3% diet) were euthanized during this study, resulting in loss of an experimental unit for the control and 3% diet.
Statistical Analysis
Performance parameters were analyzed by using the PROC MIXED analysis of SAS (PROC MIXED in SAS PC Windows Version 9.2 software, SAS Institute Inc., Cary, NC). For repeated measurements, the model included the fixed effect of diet and pen, random effects of week, the interaction between diet and week, and the residual error. The covariance structure used was heterogeneous compound symmetry in all analyzed parameters. Results are reported as least squares means with standard errors. Significant differences because of treatment group were considered different if P < 0.05. The specific gravity was analyzed using equivalence testing as stated in Tempelman (2004) . The equivalence marker was set at 0.002, and means were considered equivalent if the upper and lower limits of the 90% CI of the mean fell within these limits. 
RESULTS AND DISCUSSION
The use of by-products to substitute the energy component of the diet is not a new concept; however, this is the first reported data on the effects of SFB on the performance and production of laying hens. The large volumes of feed waste, once meant for human consumption, are landfilled daily, but the incorporation into laying hen diets would provide an opportunity to recycle the nutrients in human feed waste. Producers are faced with increasing feed costs and have replaced a proportion of corn with other popular by-products, including dried distillers grains with solubles, bakery waste, and vegetable processing waste (Dotas et al., 1999; Masa'deh et al., 2011; Torki and Kimiaee, 2011) .
Overall, feed intake was not affected by inclusion of SFB in the diet (Table 2) . However, feed intake was variable across the study. The greatest difference between diets was observed in wk 1, when birds on the 6% and 9% SFB diets ate 17.7 and 20.4 g/d more than the control and in wk 4 when birds on the 6% diet ate 19.7 g/d more than the control (P < 0.05; data not shown). A study comparing the effect of potato chip scraps into the diets of broiler chicks did not have a significant effect on feed intake at 5% inclusion, but inclusion at 7.5% did result in a significant increase in intake (Rahnema et al., 2004) . The increase in feed intake seen at higher inclusion rates may be a result of increased palatability as a result of the SFB. Hen weight was not affected by the addition of the by-product at all levels examined (Table 2) .
Dietary treatments did not have a significant effect on hen daily egg production or egg weight (Table 2) ; however, numerically, diets with an inclusion of SFB had higher egg production and greater egg weight. These results are similar to other studies where by-product in laying hen diets had no effect on egg production (Dotas et al., 1999; Wu-Haan et al., 2010; Masa'deh et al., 2011) . The Hyline Management Guide (Hy-line, 2011) states expected egg production should range from 87 to 89% in laying hens from 45 to 50 wk of age. Egg production in the current study ranged from 92.1 to 95.7% ± 2.0 (Table 2) . Adding up to 25% of corn dried distillers grains with solubles into the diets of laying hens during wk 24 to 46 and 47 to 76, did not have an effect on egg production (Masa'deh et al., 2011). Egg production, egg weight, and shell thickness were not affected when laying hens were fed a diet containing 12% dried tomato pulp compared with hens fed a corn-soybean meal control diet (Dotas et al., 1999) . Replacing 50% of dietary corn with bakery by-product did not affect egg production (Torki and Kimiaee, 2011) .
Though P-values for specific gravity by treatment, week, and treatment by week interaction were less than 0.05 (Table 2) , equivalence testing showed that the 90% CI was 0.001. With the CI being less than our equivalence marker (0.002), all specific gravity was considered equivalent. This indicates that the addition of SFB did not affect eggshell quality. Eggshell quality was not affected when laying hens were fed tomato meal at an inclusion of 8 or 15% (Yannakopoulos et al., 1992) .
In conclusion, snack food by-product may be added as an energy source to the diets of laying hens, up to 9%, without negatively influencing egg production and egg characteristics. The use of this by-product may reduce the overall feed costs to the producers as well as offer a more environmentally friendly option for discarding feed waste for large corporations. Future studies are needed to examine digestibility and to define to what extent SFB may be added to the diets of laying hens without adverse outcomes. 
